Introduction: Left main coronary artery (LMCA) atresia is a quite rare congenital malformation, which may present with various symptoms. Past literatures were sporadic without recent summary of world-wide cases. We hereby report an adult case of LMCA atresia with concomitant mitral regurgitation and also summarize all cases found in published literatures.
Introduction
Left main coronary artery (LMCA) atresia is a rare congenital malformation, which is characterized by absence of left coronary ostium and left main trunk in the left coronary artery system. Patients may be asymptomatic or present with syncope, angina pectoris, myocardial infarction, or sudden death. [1] Diagnosis relies on coronary angiography, particularly to distinguish from single coronary artery or abnormal origin. Since 1955, there have been sporadic reports of LMCA atresia, however with no reports of this abnormality in recent years. [2] Hereby, we report a case from our own institution, who was first admitted for mitral regurgitation and then detected LMCA atresia by preoperative catheterization and computed tomography (CT) coronary angiography. The patient successfully underwent mitral valve repair and concomitant coronary artery bypass grafting (CABG) surgery with the left internal thoracic artery (ITA) anastomosed to the left anterior descending artery (LAD). Besides, we also reviewed all literatures reporting this disease so far, and comprehensively summarized the characteristics of all cases found in literatures. Informed consent was obtained from the patient for publication of this case report and accompanying images.
Case report
A 48-year-old female was sent to the emergency department of our hospital with the chief complaint of sudden occurrence of dyspnea. The patient experienced sudden respiratory distress when she was lifting heavy cargo during farm work. She also complained orthopnea with pink bubble sputum cough. The patient was 155 cm in height and weighed 48 kg. Her heart rate was 103 per minute, and blood pressure was 99/63 mm Hg. Physical examination revealed a 4/6 systolic murmur in cardiac apex. Electrocardiogram demonstrated depression of ST segments at multiple leads: I, II, aVL, and V3 to V6. Meanwhile, blood test showed no troponin elevation. Acute pulmonary congestion was detected by chest X-ray. Echocardiogram found a prolapsed posterior leaflet of the mitral valve with massive regurgitation, with an ejection fraction (EF) of 68% and a normal sized left ventricle. The patient denied of similar symptoms in her past history.
Therefore, she was preliminarily diagnosed of acute left heart failure caused by mitral regurgitation and scheduled for valve repair surgery. Routine coronary angiography was performed to exclude coexisting coronary artery disease. However, the left main coronary trunk could not be catheterized. Meanwhile, collateral vessels could be seen flowing from right coronary artery (RCA) to fill the left coronary system (Fig. 1) . The patient was then suspected of left main coronary atresia or complete occlusion. She received CT coronary angiography for further diagnosis, which confirmed absence of left coronary ostium, with abnormally small LAD and left circumflex arteries (LCX), both filled by collateral vessels arising from RCA.
During operation, the patient's mitral chordae of the posterior leaflet was found ruptured, with dysplasia of papillary muscle (Fig. 2) . Then, a successful mitral valvuloplasty was first performed. Although with worry that the small caliber left coronary system may not be a suitable target for surgical revascularization, we performed CABG with left internal mammary artery anastomosed to proximal LAD anyway. Graft flow was satisfactory, with a flow value of 28 mL/min and The patient recovered uneventfully and discharged 7 days after operation. Three months later, she came back for follow-up visit and received routine examination together with CT angiography. Her heart function was normal as revealed by echocardiography, and coronary angiography showed a patent LIMA-LAD graft with a small LAD (Fig. 3) .
Discussion
LMCA atresia is a quite rare condition, with unclear etiology. A systemic or infectious (syphilitic) cause has been suggested for congenital and even acquired coronary ostium stenosis or atresia. [3] [4] [5] Koh et al [6] reported etiologies, including congenital absence of one coronary anlage, failure of development or displacement of one coronary anlage, failure of canalization of the proximal segment of the left coronary artery, involvement of the left coronary ostium due to fibrotic change in the aortic media, and coronary obstruction by infection or thrombosis in the early embryonic stage. The diagnosis of LMCA atresia relies on angiographic findings, which usually show absence of left coronary ostium, and left coronary artery filled in a retrograde manner via the RCA instead of antegrade blood flow. Anomalous origin of the left coronary from the pulmonary artery is one situation that should be differentiated with, which can be ruled out by coronary angiography.
To the best of our knowledge, from February 1955 to August 2017, a total of 70 cases have been reported according to published literatures, of whom 37 were children or adolescents (younger than 18 years) and 28 were adults, with 5 unknown of age. There were 35 males and 25 females, and in 10 cases, the gender was not specified.
In true LMCA atresia, left coronary system receives blood only by collateral arteries from the RCA, such as conal artery, intraseptal artery, apical artery, and so on. However, the heart may eventually be unable to cope with collateral circulations and develop myocardial ischemia. [5] Of these 70 patients, 63 (90.0%) were symptomatic. Infants mostly present with failure to thrive and myocardial infarction. [7] [8] [9] Children and adolescents often have syncope and tachyarrhythmia. [10] Adult patients usually become symptomatic (angina pectoris) at an advanced agewhen collateral flow cannot keep pace with myocardial demands. [5] Concomitant abnormalities were not very common, which were found in 20 cases (28.6%). Among these, 8 were diagnosed with coexisting mitral regurgitation [5, [11] [12] [13] [14] [15] [16] [17] and 2 with aortic or supravalvular aortic stenosis. [18] [19] [20] Interestingly, none of these 70 cases were found with concomitant atherosclerosis. Hung [21] reported that the main mechanism of ischemic mitral regurgitation relates to the distortion of spatial relationships between the mitral valve and the papillary muscles secondary to ventricular remodeling. In our case, the patient did suffer from dysplastic mitral papillary muscle and ruptured chordae, caused by insufficient perfusion of left ventricle due to absence of LMCA. However, it is still hard to accurately define the relationship between LMCA atresia and mitral regurgitation, as diagnosed cases with both lesions are limited. Prognosis of LMCA atresia is unfavorable. As suggested by previous literatures, surgical revascularization is probably the treatment of choice for both symptomatic and asymptomatic patients. In this regards, CABG using left mammary artery to the left coronary system seems to be the choice for adult patients, although long-term results in children remain questionable. [11, 19, 22] Concerns were raised that the small caliber left coronary vessels may not be suitable targets for revascularization; however, some scholars suggested that once sufficient blood flow is established, these vessels grow in diameter and collateral arteries tend to disappear. [22, 23] As we reviewed, a total of 13 of the 27 (48.1%) adult patients received CABG, with no in-hospital death. Twelve of the 37 (32.4%) young cases underwent CABG, and 10 (27.0%) children received successful angioplasty to reconstruct left coronary ostium with autologous pericardium. Of the 70 cases, 3 children died postoperatively, of whom 1 received angioplasty and died of low cardiac output syndrome, [24] and another 2 cases died due to failure of surgical left coronary reconstruction. [7, 25] Although long-term outcomes of the surviving patients were unknown, it is generally proposed that surgical intervention is the optimal choice. Our own patient also received successful CABG and 3-month follow-up demonstrated good recovery with patent LIMA-LAD graft. Continuous observation for longer-term efficacy is warranted.
In conclusion, LMCA atresia is a rare condition with varying symptoms. Its diagnosis relies on coronary angiography and attention shall be paid to concomitant anomalies. Once diagnosed, surgical treatment is probably favorable to restore myocardial blood flow for both symptomatic and asymptomatic patients. 
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